Patterns of extracellular enzymes secreted by the brown rot fungi Monilinia fructigena, M. fructicola, M. laxa and M. laxa f. sp. mali were studied by column isoelectric focusing. Of the four enzymes assayed, a-L-arabinofuranosidase (AF) showed the greatest differences between species. Thus M. fructicola had high AF activity at isoelectric point (PI) 5.1, M. fructigena had AF peaks at PI 3-0 and 7.0, M. laxa showed activity over the PI range 6.0 to about 7-3 with distinct peaks at 6.7 and 7.2, and M. laxa f. sp. mali had very high A F activity at PI 7-2. The pectinlyase (PL) patterns were also useful for identification: the characteristic molecular form of PL in cultures of M. laxa and M. laxa f. sp. mali was at PI 9.1, while the two other species showed single peaks of activity at about PI 8.5. However, some M. laxa isolates also produced a peak at PI 8.5, although this was less active than the characteristic one at PI 9.1. The polygalacturonase and pectinesterase enzyme patterns were not useful for distinguishing between the Monilinia fungi. The AF and PL enzyme patterns from known isolates were used to identify several 'unknown' brown rot cultures, including M. laxa isolates from stone fruits in Australia and M. laxa from Stranvaesia undulata, a new host in England.
INTRODUCTION
The usual criteria for identifying the brown rot fungi [Monilinia (= Sclerotinia) spp.] of pears, apples and stone-fruits include spore colour, type of conidial pustules produced on infected fruits, mode of branching of germ tubes arising from conidia, cultural characteristics, and host and tissue specificities (Wormald, 1954) . When using these criteria to identify an isolate, it is often necessary to compare unknown with known cultures. This may be inconvenient and also dangerous, as exotic cultures must be collected and new pathogens may be introduced. Furthermore, the characters vary even within species and are, therefore, not always satisfactory for accurate identification.
In the pathogenicity of these fungi, extracellular enzymes that degrade host cell walls play an important role (Byrde & Willetts, 1977) . This investigation was aimed to determine whether patterns of these enzymes, obtained by the use of column isoelectric focusing, could distinguish between brown rot fungi. During the investigation M . laxa was reported to be infecting ornamental quince, cherry plum and commercial peaches and plums at the flowering stage in the Orange district of New South Wales, Australia, where the fungus was previously unknown. To test the extracellular cell wall-degrading enzyme patterns as taxonomic criteria, we assayed isolates of the new brown rot pathogen from New South Wales and cultures from Victoria, where M. laxa had previously been reported (Jenkins, 1965) . A brown rot fungus isolated from twigs of Stranvaesia undulata growing in England was also tested.
Cultures were grown for 11 days in ammonium tartrate/sodium polypectate liquid medium (Byrde & Fielding, 1968) before the mycelia were filtered off and the filtrates were dialysed against distilled water for 24 to 48 h at 4 "C and then freeze-dried. As a quarantine precaution, filtrates of the Australian cultures were passed through a Millipore filter to remove mycelial and other fungal fragments before lyophilization and sealing in small glass ampoules. This treatment did not change the pectolytic enzyme patterns. The culture filtrates were electrofocused on an LKB I I O ml column (Laborda, Fielding & Byrde, 1973) for 3 days. Elution was controlled by a peristaltic pump and the eluted fractions were assayed for the extracellular enzymes, pectinesterase [PE; pectin pectyl-hydrolase, EC 3 . I Estimation of enzyme activities. PL, PG and AF were assayed by the methods described by Byrde & Fielding (1968) . PE was estimated by back-titration with 0.01 M-NaOH to pH 5.0 at 25 "C, using a substrate mixture of 0.5 % (w/v) pectin (Brown Ribbon brand, Union Crystalex Gelatine Ltd, London) in 0-1 M-NaCl containing 0.1 % (w/v) phenol, adjusted to pH 5.0 with I M-NaOH (NaCl activates PE, and phenol prevents microbial contamination). The reaction mixture consisted of 10 ml substrate with 0.1 ml sample. 9'7 4'7
RESULTS

Standard isolates
The isoelectric points (PI) of the AF, PL, PG and PE enzymes of isolates identified morphologically as M . fructicola, M . fructigena, M. laxa and M. laxa f. sp. mali are shown in Table 2 . The enzymic forms of the isolates of any one species had very consistent PI values but they differed in absolute activity. Isolates of different species often differed greatly. Patterns of the AF, PL and PG enzymes for typical isolates of the four brown rot fungi are illustrated in Fig. I . The heights of the peaks varied between isolates of the same species, indicating different enzyme activities, but the overall patterns were similar. a-L-Arabinofuranosidase. A form of the AF enzyme with a pI_'about 7.1 was common to all isolates, being particularly active in filtrates of M. laxa f. sp. mali where it was the only form detected (Fig. I d) . In M. laxa cultures, AF activity was detected between PI 6.0 and 7.2 (Fig. I c) with little activity at the bottom of the range but with two distinguishable peaks at 6.7 and 7.2. Cultures of M. fructicola and M. fructigena had a pattern different from the above, but the heights of the three peaks differed between the two species (Fig. I a, b) ; in the former there was high activity at PI 5'1 with low peaks at 3.0 and 7.1, while in cultures of M. fructigena there was only occasional low activity at PI 5.0 compared with the distinct peaks at PI 3.0 and 7-r.
Pectinlyase. There was a common, active form of the PL'enzyme at PI 8.2 to 8.5 in M. fructicola, M. fructigena and M. laxa (Fig. I e, f, g ) but M. laxa had an additional more active enzymic form at PI 9.1. Monilinia laxa f. sp. mdli (Fig. I h) had only one detectable enzymic form at PI 9-I. Polygalacturonase. The characteristic feature of the PG patterns of all isolates was the common peak at PI 9-7 to 10.1. This was substantially the only peak detected in PG patterns from M . fructicola cultures (Fig. I i ) and was very high. In M. fructigena cultures (Fig. ~j ) , apart from the moderately active, common peak at PI 9.7, three forms of the PG enzyme with low activity were sometimes detected at PI values of about 2.8, 4.4 and 5.5, with a shoulder at PI 8. The PG pattern for M. Zaxa isolates (Fig. I k) was similar to that of M. fructigena with low activities at PI 3.0 and 4.6 and a moderately active peak at about 10.1. The PG enzyme pattern for M. laxa f. sp. mali (Fig. I I ) had two peaks, a large one at PI 5.1, and a moderate one at PI 9-7.
Pectinesterase. Only one form of the PE enzyme with PI about 4-8 was detected. It was common to all the brown rot cultures studied. Unidentijied isolates Patterns for AF and PL enzymes for four of the five unidentified isolates are shown in Fig. 2 (a-h) . The excluded isolate (xJ gave results very similar to those of isolate x, (Fig.  2 b, f) . Patterns for PG showed no characteristics that could be used to distinguish between these cultures.
The AF and PL enzyme patterns of isolate x, (Fig. 2a, e) were very similar to those of M. fructicola (Fig. I a, e) . Isolates X, (Fig. 2 b, f) , x, and X, (Fig. 2 c, g ) had AF patterns characteristic of the standard M . Zaxa cultures; also all the PL patterns (Fig. zf, g ) had peaks at cultures, but had no activity at PI 8.5, unlike the patterns obtained from the standard M . Zuxu cultures. IsoIate UI had an AF pattern ( Fig. 2 4 similar to that of M. Zaxa, with moderate activity over a PI range of 6.0 (5.6) to 7.1, but with two additional small peaks with PI values of about 3.0 and 4-4. The PL pattern for UI (Fig. 2h) had the characteristic M . Zuxa peak at PI 9-1 with a shoulder at about 8.3.
D I S C U S S I O N
The investigation suggests that there are consistent differences in AF and PL patterns that could help in distinguishing between species of the brown rot fungi. Confirmation is needed
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Taxonomy of Monilinia: cell wall-degrading enzymes 83 complementary techniques, such as immunoelectrophoresis, could help explain the intraand inter-specific relationships within this and other groups of fungi.
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